There have been debates on the effects of Olympics on economy. Previous studies estimated the direct benefits and costs of Olympic Games, and concluded that the net effects were positive or negative depending on specific assumptions used for evaluations. Recent studies turn attentions to indirect benefits. For example, signaling model by Rose and Spiegel (2010) argues that mega events are the signals of liberalization the country sends, and that the hosting of mega events spurs exports. This paper more thoroughly estimates the effects of Summer Olympics on exports and tourism using the Rose and Spiegel's data set extended up to 2008. Our empirical results show that the Summer Olympics have positively and significantly affected exports and tourists. The patterns are, however, different for exports and tourists. The effects on exports are slow and persist for long periods of time, whereas those on tourists are quick and short-lived. This finding is robust to different specifications. This result implies that, without carefully considering the time horizons of the effects of mega events, impact studies may be prone to over-or under-estimating the benefits of the mega events.
INTRODUCTION
There have been many arguments against and for the effects of hosting mega events on economic growth. Previous studies computed the costs and benefits of hosting mega events and concluded that the events were beneficial or harmful to the national economy, based on their assumptions and estimates. For example, previous literature on the Olympics emphasizes long-term benefit such as newly constructed event facilities and infrastructure, urban revival, enhanced international reputation, increased tourism, as well as improved public welfare, additional employment, local business opportunities and corporate relocation (Ritchie and Aitken, 1985; Hall, 1987; Kang, 1988; Robin, 1988; Walle, 1996; French and Disher, 1997) . In contrast, potential negative impacts include high construction costs of public sports infrastructure and related necessary investments (usually placing a heavy burden on the government budget), temporary crowding out problems, loss of visitors, and property rental increases (Hiller, 1990; Darcy and Veal, 1994; Mount and Leroux, 1994; Leiper, 1997; Spilling, 1998) . 1 The debates have been far from being settled yet, and new trends of research have begun to show up. One of the efforts is the signaling model by Rose and Spiegel (2010) . They investigated the impact of hosting the Olympic Games on international trade flows and showed that hosting mega events benefits the hosting country in stimulating exports and imports. These authors find strong support that hosting a Summer Olympic Game increases trade flows significantly. Furthermore, they posit a theory of signaling, whereby countries that bid for a mega-event send a "policy signal that is followed by future liberalization". The benefits of the mega-events are therefore not through the increase in event-related activities but through the signal a country sends by hosting the event.
In this paper, we focus on indirect parts of the benefits such as enhanced international reputation or increased tourism and extend Rose and Spiegel (2010) 's study. More specifically, we improve their work in two ways. First, we try to quantify the effects of Olympics on trade and tourist visits. These impacts are generally not incorporated into the economic impact estimates, but rather regarded as additional, unquantifiable benefits. Rose and Spiegel examined the impacts of mega events on exports and imports. We now extend their study to further analyze the effects of Olympics on tourist visits. Second, the long-run impact on tourism (including country brand and other tourism related marketing) is often cited as a key consideration when countries bid to host mega-events (see, e.g., Fourie and Santana-Gallego, 2010) . Then, we might expect large tourist visits even after the hosting years. We now try to tackle this issue empirically and investigate the time horizons of the Olympic effects on tourism.
The rest of the paper is organized as follows. Section 2 reviews previous literature on the impact studies of mega events. Section 3 briefly introduces our methodology and data used for our analysis. Section 4 presents empirical results. Concluding remarks are found in Section 5.
LITERATURE REVIEW
There are many studies that try to estimate the economic effects of mega events. For example, Humphreys and Plummer (1995) estimate the short-term economic impact to Atlanta from hosting the 1996 games to be $5.1 billion. Similarly, Fuller and Clinch (2000) estimate that the total economic impact of hosting the 2012 games on the Washington-Baltimore metropolitan area would have been $5.3 billion. Economic impact studies confirm economic benefits of mega events in the billions of dollars. Unfortunately, these ex-ante studies are criticized for being filled with misapplications of economic theory that virtually guarantee their projections will be large. Critics have focused primarily on the following areas of misapplication: treating costs as benefits, ignoring opportunity costs, and using gross spending instead of net changes. For instance, much of the spending on the event by local citizens is a substitute from a different leisure activity or consumption good, rather than true additional spending (see, e.g., Siegfried and Zimbalist, 2000; and Coates and Humphreys, 2003) .
In contrast, ex-post studies have consistently found no evidence of positive economic impacts from mega-sporting events. Empirical results vary considerably across papers. More rigorous studies are skeptical of the net economic benefits of hosting mega-events. Preuss (2004 Preuss ( , 2007 and Baade and Matheson (2002) measured the economic returns to host the Summer Olympic Games, and show that the gains are ambiguous. The benefits from hosting the FIFA World Cup are similarly doubtful (Szymanski, 2002; Baade and Matheson, 2004; Lee and Taylor, 2005; Allmers and Maennig, 2009) . Although a modest number of jobs may be created as a result of hosting the games, there appears to be no detectable effect on income, suggesting that existing workers do not benefit (Hagn and Maennig, 2008, 2009) . Moreover, the impact of hosting the games depends on the overall labor market response to the new jobs created by the games and might not be positive (Humphreys and Zimbalist, 2008) .
While the (direct and indirect) costs and benefits remain a source of debate, the focus has shifted recently towards indirect benefits of mega-events that are quantifiable. Recently, Rose and Spiegel (2010) tried to analyze this issue in a different way. They noted Preuss (2004) which discussed how the Seoul Games in 1988 were intended to improve international relations between South Korea and the Soviet Bloc countries "as well as raise international awareness of Korean manufactured products" so as to promote Korean exports. They examined this issue empirically, and found strong evidence of a large persistent effect of the Olympics on both exports and overall trade. They also develop a theoretical political-economy model consistent with this conjecture. 2 In the model, they obtain a separating equilibrium where countries that choose to liberalize also choose to bid for the Olympics; those that prefer to remain closed neither send the signal nor do they liberalize. Thus, bidding to host a mega-event provides a positive signal about future policy intentions, and, hence, hosting the games in and of itself has 2 The signal model introduced in Rose and Spiegel (2010) is of the "burning money" type. They assume that countries that intend to pursue liberal trade policies in the future can signal this intent by engaging in the costly activity of bidding to host the Olympic Games. The payoff for sending this signal is that countries which expect to liberalize receive increased investment in the export sector (the sector whose prices are raised by liberalization). no impact on a nation's fundamentals or trade.
Another important benefit of mega events is the impact on tourism. The International Olympic Committee (IOC) believes that potential visitors will be drawn to Olympic venues after being exposed to them through the games. Recent studies on tourism include Solberg and Preuss (2006) , and Preuss (2007) . However, there have been relatively few rigorous studies on tourism development resulting from mega events. Recently, Fourie and Santana-Gallego (2010) applied the gravity model to the data set used in Rose and Spiegel (2010) , and analyzed the effects of various mega events on tourism. Their results suggest that mega-events promote tourism but the gain is dependent on the type of mega-event, the participating countries, the host country's level of development, and whether the event is held during the peak-or off-season. Also, Song and Kim (2010) studied the economic impacts of mega events such as Olympics, World Cups, and Expos a la Rose and Spiegel (2010) , and showed that mega events exerted significant impacts on exports, foreign investments, tourists, and travel balance.
MODEL AND DATA
We start our investigation by using the well-known and widely employed gravity model of international trade. This model assumes bilateral trade flows between a pair of countries as a function of the distance between the two countries and their economic "masses". The theory, first developed by Anderson (1979) , tells us that after controlling for size, trade between two regions is decreasing in their bilateral trade barrier relative to the average barrier of the two regions to trade with all their partners.
The model has been successfully applied to flows of various economic variables such as migration, foreign direct investment and more specifically to international trade flows. According to this model, exports from country i to country j are explained by their economic sizes, their populations, direct geographical distances and a set of dummies incorporating some kind of institutional characteristics common to specific flows. In this sense, the model has been widely used to infer trade flow effects of institutions such as customs unions, exchange-rate mechanisms, ethnic ties, linguistic identity, and international borders. Moreover, note that exports and tourists visits have similarity in that the distance acts as a restricting factor and economic masses as an attracting one. Thus, they both could be well analyzed by the gravity model. The specification we used in the paper is as follows:
where i denotes the exporting or tourist destination country, j denotes the importer or tourist originating country, t denotes time, ln(.) denotes the natural logarithm operator, ijt Y denotes real FOB exports from i to j or tourist visits from j to i, measured in millions of dollars or number of tourists, it D is a binary variable which is unity if i hosted a post-war Olympic games and zero otherwise, ijt X are control variables to be defined below, and ijt ∈ represents the omitted other influences on bilateral exports and tourist visits, assumed to be well behaved. γ and β are coefficients. The control variables are as follows. The product of the areas of the countries Common Colonizer Binary variable which is unity if i and j were both colonized by the same country Currently Colonized Binary variable which is unity if i colonizes j at time t (or vice versa), Ever Colonized Binary variable which is unity if i ever colonized j (or vice versa), Common Country Binary variable which is unity if i is part of the same country at time t (or vice versa),
We estimated three versions of models. The first model (Model 1) includes year-specific fixed effects to account for time-specific effects. The second model (Model 2) includes sets of year effects dummies as well as dyadic-specific fixed effects to absorb time-invariant characteristics that are common to the pair of countries. The third model (Model 3) includes year effects dummies as well as exporter and importer fixed effects to handle exporter/importer country-specific effects. Country-pair heterogeneity is handled using the robust covariance when using the gravity model (Cheng and Wall, 1999) . The models are estimated using 'areg' command in the STATA11 with robust covariance estimator to treat heteroskedasticity.
We use the data set in Rose and Spiegel (2010) . The data set covers annual observations between 1950-2006 for 196 countries, and we extended it up to the year 2008 to include the Beijing Olympic in 2008. The tourist data set covers the tourist data between 1982-2008 for 88 countries. 3 The list of countries covered in the data set is shown in the appendix. The source of the tourists data is "Arrivals of non-resident visitors at national borders, by country" in the compendium of Tourism Factbook by UN WTO. We take natural logarithms of all the variables except dummies.
ESTIMATION RESULTS

Benchmark Results
In this section, we apply the Equation (1) to our exports and tourists data sets. As benchmark results, we provide the results when permanent effects of Summer Olympics are considered. 4 The regression results are the reproduction of those in Rose and Spiegel (2010) , with slight differences due to extended data up to the year 2008. We focus on the analysis of Summer Olympics because Winter Olympics are known to have less clear effects on economy, as shown in Rose and Spiegel (2010) . The results of the estimation of our base specification are provided in Table 2 .
We first check the model specifications. In Table 2 , the F-statistics are quite significant at the 1% level, and the adjusted 2 R 's are over 60%. This implies that the models are rightly specified. The gravity model seems to work well for our data set. The coefficient of distance is estimated to be negative which is economically and statistically significant. This implies that the exports between the pair of countries fall as the two countries are located far away. Also, the coefficients of log real per capita GDP indicates that larger and richer countries tend to export or import more. Exports are larger when countries share a currency, language, trade agreement, land border, or colonial history.
Our main interest is the coefficient of the summer Olympic host dummy. As shown in Table 2 , the coefficient of Model 1 is 0.3220, which is strongly positive and significant. This result indicates that exports are permanently increased by 38% (=exp(0.3220)-1) by the hosting of Olympics. Including other fixed effects do not change the results. With dyadic fixed effects, the magnitude of the effects is slightly reduced, but with exporter/importer fixed effects, it is again comparable to that of Model 1. 3 In this paper, the tourists visiting the hosting country at the event year are defined to be from the direct effects of the Olympics, and the tourists visiting the country at other times due to increased country brand or other tourism related marketing are defined to be from the indirect impacts of the Olympics. Our main focus is on the latter ones. 4 One might ask whether the choice of venue for the Olympic Games could be treated as plausibly exogenous, i.e., whether only countries that are open to trade or tourists are chosen to host the games. In this paper, we do not attempt to directly address this issue because this issue is discussed in Rose and Spiegel (2010) . An interested reader is referred to Rose and Spiegel (2010) . Note: * indicates the significance at the 10% level, ** at the 5% level. Table 3 shows the results for tourists. The results for other variables except the Olympic dummies are almost similar to those for exports. Distance has negative impacts, and population and GDP have positive influence on tourist visits. Common language, common colonial history, and common relationships such as RTA and common currency all have significant effects on tourist visits. Note: * indicates the significance at the 10% level, ** at the 5% level.
According to previous literature, mega events such as Olympics generate long-term benefits such as newly enhanced international reputation and increased tourism, thus we expect that the coefficients of Olympic dummies are significantly positive. The coefficients are, however, significantly negative, contrary to our expectations. This is a puzzling result because mega events such as Olympics are supposed to increase tourist visits. The results do not change with other types of fixed effects in Models 2 and 3. In the following, we investigate this phenomenon more thoroughly.
Further Examination of Olympic Effects
We suspect that the effects of Olympics on tourists may not be permanent. In the previous section, the dummy used is permanent effects dummy. In this section, we divide Olympic dummies into various durations. Also, one might ask whether the effects begin only after the hosting or before the actual hosting. To examine this, we use the following nested structure of dummies. We consider total 12 dummies. In Table 4 , the first number in the square bracket is the starting year of dummy and the second one is the terminal year around the actual hosting year. Number 0 is the actual hosting year. The permanent effects dummy in previous section corresponds to [0, ∞ ] in Table 4 . We consider 4 different terminal periods; 4, 8, 12 years, and infinity. These dummies measure the effects of the Olympic hosting up to 4, 8, 12 years, and infinity, respectively. We also consider the periods preceding the actual hosting year because the effects of Olympic hosting may begin before the actual hosting of the events. We chose -4 and -7. -7 was chosen because the Olympic venue is determined 7 years before the actual hosting. The baseline model is Equation (1). The 12 dummies are replaced for it D at each regression and the results are summarized in Tables 5 and 6 . Detailed regression results are omitted to save space. They are available upon request. Table 5 shows the results of different Olympic dummies on exports. 5 An interesting finding is that the effects of Olympics become larger and more significant as the duration of dummies increase, i.e., as the terminal period increase from 4 to infinity, the sizes of effects increase. This is observed in all models. In Model 3, for example, the effect for the period [0,4] is 0.0677 while that for permanent dummy [0, ∞ ] is 0.3054, which is about 4.5 times larger effect. This indicates that the effects of Olympics occur slowly in the later periods of samples. Previous studies failed to seriously consider the effects of the events on exports stimulation. Now, we see that the effects on exports appear only after long periods of time have passed. Thus, we may suspect that previous 5 One may be interested in determining which one among the 12 different dummies provides the best model from the statistical perspective. Our interest, however, is not in selecting the best dummy, but in estimating the impacts of the Olympics for different time horizons. Thus, we omitted detailed arguments for model specifications in the paper. Interested readers may ask the author for the results.
impact studies have under-estimated the benefit side of hosting the events in terms of boosting exports. The different starting years also have influences on the Olympic effects. Model 1 have different picture from the other models. In Model 1, the effects covering earlier starting year are smaller than the effects starting at the event year. In Models 2 and 3, however, the direction is converse. The effects covering early starting years are about 1.5 times consistently larger than the effects starting at the event year. Tests of the hypothesis that the long-run dummies [0, ∞ ], [-4 , ∞ ], and [-7, ∞ ] are equal show that the coefficient of the dummy [-4, ∞ ] is larger than that of [0, ∞ ], and that coefficient of the dummy [-7, ∞ ] is larger than that of [-4 , ∞ ] at the 1% significance level. 6 This fact suggests that the effects of hosting Olympics begin even before the actual hosting of the event. In other words, this implies that around the time of determination of hosting the event, the countries began to actively open the door to foreign trade and rapidly increase the transactions with other countries. This finding implicitly support Rose and Spiegel's hypothesis that hosting mega events is sending the signal of liberalization to foreign countries, and that hosting the event itself is not much important. Table 6 shows the results of different dummies for tourist visits. As indicated before, the effects of permanent dummies on tourist visits are significantly negative or insignificant. However, the short-run effects on tourists are surprisingly positive. For Model 1, the effects covering up to 12 years are positive and the effects covering all years are negative. For Models 2 and 3, the effects that cover only up to 4 years are positive and all the other dummies are negative. This finding shows that the effects of Olympics on tourist visits are very short-lived and lasts up to 4-12 years. The magnitudes of the coefficients are also different across models. For Model 1, the coefficients for [-7, 4 ] is 0.6574, for example, whereas that of Model 3 is 0.1718. The magnitudes of Model 2 are similar to those of Model 3.
Previous studies 7 argued that tourist visits are one of the main long-run benefits of hosting mega events. Our results suggest that the revenue from tourist visits is limited up to a few years after the hosting of mega events because the effects on tourists fade out quickly after the events. Thus, we may cautiously suspect that the benefit side of previous impact studies in terms of tourist visits may be overstated if these transitory effects on tourism are not considered.
Earlier starting years also have influences on the effects of Olympics. Dummies with earlier starting years have about 1.5~2 times larger effects than the dummies with starting year at the hosting years.
8 Tests of the hypothesis that the short-run dummies are equal show that the coefficient of the dummy [-4, 4] is larger than that of [0, 4] at the 1% significance level, and that the coefficients of the dummies [-7, 4] and [-4, 4 ] are similar at the 10% significance level. 9 This finding shows that the tourist visits are concentrated for the 4 years before and after the actual hosting of the events.
The results from Tables 5 and 6 indicate that the effects of Summer Olympics on exports and tourist visits are quite different. The effects on exports gradually increase as time goes on whereas those on tourist visits gradually diminish. This conjecture can be confirmed by using long-run time trend dummies for hosting countries instead of fixed 0/1 dummies. Thus, we define time trend dummy as taking value time t if the country hosted Summer Olympics before time t and value 0 otherwise. Thus the estimated equation is as follows:
where it TD is the time trend dummy. The estimation results are shown in Table 7 . Table 7 shows that the coefficients of time trend dummies for exports are positive. This indicates that the effects of the hosting Summer Olympics on exports become large as time goes on. For example, the coefficient of exports for [0, ∞ ] time trend dummy in Model 3 is 0.0043, and this implies that the exports increase at the rate 0.43% every year due to the hosting of Summer Olympics. Also, the coefficients for time trend dummies become larger for earlier starting years, thus we infer that the significant effects on exports begin only after the actual hosting of the event.
Unlike the case of exports, the coefficients for tourist visits are negative. The results for Model 1 are insignificant. Models 2 and 3 show consistently significant results. The results from Models 2 and 3 indicate that the effects of the hosting Summer Olympics on tourist visits become small as time goes on. For example, the coefficient of tourists for [-4 , ∞ ] time trend dummy in Model 3 is -0.0143, and this implies that the number of tourists decreases at the rate 1.44% every year due to the hosting of Summer Olympics. The coefficients are largest for [-4 , ∞ ] time trend dummy in Model 3, which implies that the effects of the hosting Summer Olympics on tourists begin sometime around 4 years before the actual hosting of the event. Overall, the effects of Summer Olympics for tourist attraction seem to vanish gradually after the event. As a sensitivity analysis, we consider the Winter Olympics together and estimate the effects of Olympics on exports and tourists. Table 8 shows the estimation results. The results of the Winter Olympics alone also show similar results as the Summer ones.
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However, the Winter Olympics are small both in their sizes and significances, and thus, the results of the Winter Olympics alone do not have strong tendencies as the Summer Olympics have. Hence, the overall effects of Olympics that include both Summer and Winter Olympic Games are slightly smaller than those of Summer Olympics alone. However, the qualitative results of Table 7 are preserved for the Olympic Games.
CONCLUDING REMARKS
It is widely known that mega events such as Olympics boost economic growth and tourist visits. Most impact studies focused on local sporting games or specific events. There have been, however, few empirical studies that analyze the effects of mega events using multi-country panel data. This paper examined the effects of Olympics on export and tourists using the cross-country data set.
Our results show that the Summer Olympics have positively and significantly affected export and tourists. However, the patterns of effects are different for exports and tourists. The long-run effects on exports are positive, as already shown in Rose and Spiegel (2010) , while those on tourists are negative, which is contrary to prior expectation. We further investigate these puzzling results and found that the effects on exports are slow and persist for long periods of time, whereas those on tourists are quick and short-lived, concentrated around 4 years before and after the actual hosting of Olympics. We confirmed this observation by estimating the coefficients of time trend dummies for hosting countries, and showed that the trend coefficients for exports are positive and those for tourists are negative.
Our results point to some cautions on the interpretations of the results from previous impact studies. Most studies focused on the short-term costs and benefits of Olympics such as those on infrastructure or employment, and may suffer from the possibility of under-estimating the long-run benefits of the mega events such as on exports boosting. On the other hand, other studies that emphasize the effects of Olympics in building up the brand images of the hosting countries may suffer from the possibility of over-estimating the benefits on tourist visits because they are short-lived. Since there are many aspects in the effects of Olympics, our observation indicates that we need to carefully distinguish the long-run and short-run effects of them. Also, our results on tourist visits imply that, to enhance tourist visits, mega events should be hosted repeatedly. This may partly explain why developed countries, that have hosted a mega event once, try to host other mega events. This issue is left for further study.
